A study of HIV-infected persons in primary care in four U.S. found that 13% had a prevalent STD at enrollment and 7% an incident STD six months later.
INTRODUCTION
The HIV epidemic continues unabated in the United States, with men who have sex with men (MSM) accounting for more than half of incident HIV infections, and African Americans being disproportionately affected compared with other racial or ethnic groups 1 . Although about half of new HIV infections are transmitted by persons who do not know they are HIV infected 2 , the rest are due to contact with individuals who are aware of their infection. HIV disease is now a chronic manageable illness requiring multiple regular contacts with medical care providers for optimal clinical outcomes 3 . Thus, HIV clinicians have a unique opportunity to routinely screen their patients for sexually transmitted diseases (STDs), and to assess their risk for HIV and STD transmission. Of particular concern are patients who are not on suppressive antiretroviral therapy, have an STD, or who are engaging in unprotected anal or vaginal intercourse, since each of these factors increases the likelihood of transmitting HIV 4, 5 . To better understand the factors associated with HIV and STD transmission behaviors among HIV-infected persons, we estimated STD prevalence and incidence, and associated risk factors, among HIV-infected persons enrolled in the Study to Understand the Natural History of HIV and AIDS in the Era of Effective Therapy (the 'SUN' Study), a prospective cohort study led by the Centers for Disease Control and Prevention (CDC).
METHODS The SUN Study
The SUN Study is a prospective, observational cohort study that monitors the clinical course of HIV-infected individuals treated with highly active antiretroviral therapy (HAART) from seven HIV-specialty clinics in four US cities: St. Louis, Missouri (25% of the enrollees); Providence, Rhode Island (27%); Minneapolis, Minnesota (34%); and Denver, Colorado (13%) 6 . Of 1346 potential participants who met enrollment criteria, 700 HIV-infected patients were enrolled between March 1, 2004 and June 30, 2006 . Reasons for nonenrollment generally focused on perceived study burden. The study's design, and its data collection and management methods have been described previously 2, 6 . Participants were generally healthy HIV-infected adults receiving routine outpatient care and were either treatment naïve, or had only been treated with HAART. Patient data, including sociodemographic characteristics, all diagnoses and treatments (including dosage and duration of all medications), and all clinical laboratory data were abstracted from medical charts and entered into an electronic database (Clinical Practice Analyst; Cerner Corporation, Vienna, VA) by trained staff. These data were reviewed for quality and analyzed centrally. Additional data were collected through physical examination, noninvasive imaging, comprehensive testing for STDs, and an audio computer-assisted self interview (ACASI). The ACASI collected behavioral risk data and other health-related information including selected family history variables and use of tobacco, alcohol and nonprescribed (i.e., recreational) drugs. The study protocol was approved and reviewed annually by the CDC and each participating site's institutional review board.
Testing for sexually transmitted diseases
At study enrolment (i.e., baseline) and every 6 months thereafter, study nurses screened participants for oropharyngeal and rectal Neisseria gonorrhoeae (GC) and Chlamydia trachomatis (CT) infections using swabs provided by the APTIMA COMBO 2 ® nucleic acid amplification test kits (Gen-Probe, Inc; San Diego, CA). The specimens were tested centrally at CDC. Genitourinary Neisseria gonorrhoeae and Chlamydia trachomatis testing was performed using the FDA-approved commercial method employed at each local clinic's laboratory. Women were screened for vaginal Trichomonas vaginalis (TV) infection using self-administered swabs and men were screened for TV using centrifuged urine pellets by polymerase chain reaction 6, 7 ; this testing was conducted centrally at Emory University. Site staff were centrally trained to ensure diligence with regard to specimen handling and shipping to optimize the integrity of test results. Sera were tested for syphilis at each site using non-specific assays (e.g., VDRL, RPR) with reflex confirmation assays (e.g., MHA-TP, FTA-ABS) if positive. Medical record abstracted data were reviewed by Infectious Disease physicians, who categorized new infectious from previously treated ones using common clinical algorithms, based on USPHS guidelines. Symptom data for GC, CT and TV infections were collected at the time of specimen collection on specimen collection forms.
Statistical analysis
The outcome variables included prevalent and incident STD diagnoses at baseline and 6 months later, respectively. Assuming all prevalent STDs were treated at baseline, an incident STD was defined as a new STD diagnosis at 6 months. The Mantal Haenszel χ 2 or Fisher's exact test was used to compare categorical variables and Student's t-test or the Kruskal-Wallis test was used to compare continuous variables in univariate analysis. Multivariate logistic regression models were used to explore associations with the outcome variables. Variables with a p-value < 0.10 in univariate analysis were entered stepwise into a regression model to determine the best multivariate model. P-values were two-tailed and considered significant at p < 0.05. All statistical analyses were performed using SAS, version 9.1 (SAS Institute, Inc., Cary, North Carolina).
RESULTS

Participant Characteristics
The sample consisted of 557 participants for whom complete STD data were available at the baseline and 6-month visits. This sample did not differ demographically from the larger group of participants for only whom baseline data were available. At baseline, the mean age was 42 years (range, 21-69 years), 79% were men, 61% were non-Hispanic white and 10% were Hispanic. Almost two-thirds of the cohort consisted of men who described themselves per ACASI as men who had sex with men (65%), 21% were women, and 13% were selfdescribed men who had sex with women. The median CD4 cell count of the participants was 479 cells/mm 3 and 78% were currently prescribed HAART, of whom 87% had plasma HIV RNA levels of less than 400 copies/mL. Additional characteristics are shown in Table 1 .
STD prevalence and incidence
At baseline, 13% of the participants had at least one STD (Table 2) ; all were asymptomatic. At baseline, participants from Denver and St. Louis had significantly higher STD prevalence (22% and 21%, respectively) than those enrolled in Minneapolis (10%) or Providence (9%) (p = 0.001). However, the six month follow-up STD rates did not significantly differ by site (data not shown). Rectal CT infection was most common (5%), followed by oropharyngeal GC infection (3%), trichomonas (3%), and urethral CT infection (2%). Approximately 1% of the cohort had syphilis, oropharyngeal CT infection or rectal GC infection. Two participants (one MSW, one woman) had asymptomatic urethral GC infection. Among women, 14% had vaginal TV infection at baseline. No significant differences in STD prevalence were seen when data were stratified by age, race/ethnicity, or level of education (data not shown). All STDs were treated by the participants' primary care providers according to standard of care. Six months later, 7% of the cohort had developed at least one new STD. Rectal CT infection remained most common (3%), with about 1% of the participants developing each of the other infections. No men were diagnosed with either prevalent or incident urethral TV infections.
The majority of the STD diagnoses were in MSM, who accounted for 65% of the prevalent and 87% of all of the incident STDs, and 82% and 94% of all prevalent and incident STD diagnoses excluding trichomoniasis. At baseline, 13% of the MSM in the study had an STD compared to 9% at 6 months. The most common STD among MSM was rectal CT infection, which was present in 7% of the MSM at baseline and 5% at the 6-month visit, followed by rectal GC infection (2% at baseline and 2% at 6 months) and oropharyngeal GC infection (3% and 1% respectively).
Among ten MSM who had at least one STD diagnosed at both the baseline and 6-month visits, seven had infections with either a new organism or infections with the same organism but at different anatomical sites. Of the other three men, two had rectal CT and one had oropharyngeal GC at both visits which were treated at baseline. By the time of the 6-month visit, 20% of the MSM had been diagnosed with one or more prevalent or incident STDs. Most of the GC and CT infections in MSM were detected at extra-genitourinary sites, with 86% and 88% infections at the baseline and 6-month visits, respectively, having been diagnosed at either the rectum or oropharynx.
Factors Associated with Prevalent and Incident STDs
Because the vast majority of the prevalent and incident STD's were diagnosed among MSM, additional analyses were performed to evaluate the factors associated with STD diagnoses in this population. MSM with prevalent and incident STDs were more likely to report unprotected anal sex, either insertive or receptive, and sex with four or more partners in the six months preceding testing (p<0.05) ( Table 3 ). Of note, 59% of the men with a prevalent STD and 37% of the men without a prevalent STD reported unprotected insertive or receptive anal sex, and 65% of the men with an incident STD and 34% of the men without an incident STD reported unprotected insertive or receptive anal sex. The percentage of MSM reporting unprotected anal sex did not decrease between the baseline and 6-month visits (p=0.257). MSM with a prevalent STD were more likely to report insertive or receptive anal sex compared with MSM without an STD (p=0.006 and p=<0.001, respectively); this difference remained significant for incident cases (p=0.002 and p=0.007, respectively). At least 60% of the men engaged in unprotected oral sex at either visit. Overall, 27% of the MSM in the SUN Study cohort had detectable plasma HIV RNA (Table  1) , which included 29% of the 49 men with a prevalent STD and 24% of the 34 men with an incident STD.
Recreational drugs were commonly used by the MSM in the study (Table 3 ). About onethird of the men (35% at baseline and 32% at 6 months) reported using marijuana in the prior 6 months; 29% reported inhaling volatile nitrites at baseline and 28% at 6 months; 18% used erectile enhancement drugs at baseline and 20% at 6 months; 10% of the men reported cocaine use at baseline and 10% at 6 months. Although heroin use and any drug injection was rare in the cohort (two men reported using heroin at baseline and at 6 months; six men reported injecting drugs at baseline and five men at 6 months), alcohol abuse (at least 5 drinks at one time or binging at least once per week) was common, reported by 32% of the men at baseline and 31% at 6 months.
In univariate analyses, factors associated with having a prevalent STD included unprotected insertive or receptive anal, unprotected insertive oral sex, having four or more partners in the prior 6 months, and use of erectile dysfunction agents ( Table 4 ). In the multivariate analysis, only having four or more partners in the prior 6 months remained significantly associated with diagnosis of a prevalent STD. In the univariate analysis, factors associated with having an incident STD included unprotected insertive or receptive anal, use of inhaled nitrites (i.e., poppers), polysubstance abuse (other than marijuana), use of club or party drugs, and use of erectile dysfunction agents ( Table 4 ). In multivariate analysis, factors independently associated with diagnosis of an incident STD were having four or more partners and polysubstance abuse (other than marijuana) ( Table 4 ). Variables that were not associated with increased risk for a prevalent or incident STD included age, race/ethnicity or educational status (data not shown).
Status of partners of MSM with an incident STD
Twenty-nine of the 34 (85%) MSM who had an incident STD reported unprotected anal or oral sex with at least one partner. Among these 29 MSM, 31% reported at least one episode of unprotected insertive anal sex, and 48% reported at least one episode of unprotected receptive anal sex with an HIV-uninfected partner or partner of unknown status ( Table 5 ). The prevalence of unprotected oral sex with HIV-uninfected partners or partners of unknown status was 82% among MSM with an incident STD. Of these 29 men, six of 15 who reported unprotected insertive anal intercourse and four of the 18 who reported unprotected receptive anal intercourse only engaged in these practices with HIV-infected partners.
DISCUSSION
Despite the advent of HAART, which could conceivably slow the spread of HIV by decreasing the infectiousness of those who are treated 8 , the annual HIV incidence in the U.S. has remained unchanged during the past decade, with the number of new HIV diagnoses reported to CDC increasing among MSM, most notably among younger African-Americans 1 . As reports from community-based samples have documented recent increases in sexual risk taking and STD diagnoses that could increase risk of HIV acquisition and transmission [9] [10] [11] , our analysis demonstrates that a substantial subgroup of contemporary HIV-infected MSM in regular care have engaged in behaviors capable of transmitting HIV.
Although trichomoniasis was commonly diagnosed among women in this study, the majority of STDs were diagnosed among MSM, who were 65% of the whole sample and had 87% of the incident STDs. The high co-prevalence of STD's in HIV-infected MSM has been noted in other studies. 12 The relative under representation of women (21%) and Black/ African-Americans (26%) is a limitation of the study, compromising the ability to make comparisons about differences in STD burden in these populations, compared to Caucasian MSM. Because all study participants received state-of-the-art counseling, and all diagnosed STDs were promptly treated when diagnosed, the incidence of new STDs was attenuated, and would therefore constitute a lower estimate of what might be seen in less controlled environments.. Similar to other studies 13, 14 , the anatomic site where asymptomatic gonorrhea and Chlamydia infections were most frequently detected was the rectum, which can serve as a reservoir potentiating transmission of these infections 15, 16 . The substantial prevalence and incidence of these rectal infections among MSM highlight the need for simpler screening methods of at-risk patients to optimize the likelihood that busy clinical providers will adopt routine rectal screening of sexually active patients. At present however, none of several highly sensitive nucleic acid amplification tests, including the one used in this study, have been granted FDA approval for diagnostic use at rectal or oropharyngeal sites.
Not only did MSM diagnosed with an STD in this study report increased numbers of sexual partners, 29 (8%) were at particularly high risk for transmitting HIV and other STDs insofar as they reported unprotected sex at the time of their STD. Of these men, 9 of 15 who reported unprotected insertive anal intercourse and 14 of 18 who reported receptive anal intercourse had HIV seronegative or status unknown partners, potentially leading to new HIV transmissions ( Table 5 ). The other men reported unprotected anal intercourse exclusively with other HIV-infected partners, which could result in new STD transmission and acquisition, and potential superinfection. Such "serosorting" (the practice of selecting sexual partners who are also HIV-infected) may explain reports that have noted disproportionately increased rates of STD diagnoses among HIV-infected MSM compared with other MSM 17, 18, 19 .
MSM with an incident STD were more likely to report polysubstance use than MSM without an STD. These findings support other recent observations that have shown an association between new HIV infections and STDs among substance-using MSM 20, 21, 22 . Crystal methamphetamine use has been shown to be particularly highly correlated with increased sexual risk behaviors and correspondingly with the acquisition and transmission of STDs, and has been shown to decrease medication adherence, increasing the risk of virological failure, making users more infectious to their partners 23, 24, 25 . In the current study, more than one fourth of the MSM in care had detectable plasma HIV RNA, including 29% of the 49 men with a prevalent STD and 24% of the 34 men with an incident STD, making them at risk for the efficient transmission of antiretroviral-resistant strains. Some have suggested that increased risk taking behaviors among MSM may reflect treatment optimism; e.g., the belief that the diagnosis of HIV infection is no longer as severe as previously construed 26, 27 .
These findings underscore the important role that primary HIV care providers should play in diagnosing and treating STDs and in providing counseling and referrals that can lead to decreased HIV transmission behaviors. 28 From the patient's perspective, syphilis and possibly other STDs, if untreated, can accelerate the course of HIV disease 29, 30, 31 . Thus, current CDC guidelines recommend that providers routinely ask their patients about their sexual behaviors and screen them for STDs annually, and more often (i.e., every three to six months) if they have a past history of any STD or have engaged recently in sexual behavior capable of transmitting HIV or STDs 32 . The most recent guidelines of the U.S. Department of Health and Human Services note that use of effective antiretroviral therapy regardless of CD4 count is likely to reduce transmission to the uninfected sexual partner. 33 In summary, we found a high prevalence of asymptomatic STDs among HIV-infected patients receiving routine outpatient care, particularly among MSM, corroborating a global trend. 34, 35 Six months later, following effective treatment, we observed that almost 10% were diagnosed with a new STD and that MSM with STDs and detectable HIV viral loads had continued to engage in high-risk sexual behaviors that could transmit their HIV infection to others. The large majority of STDs among MSM were rectal or oropharyngeal; in the absence of FDA-approved simple methods for their diagnosis (e.g., NAAT) at these anatomic sites, many of these STDs might have gone undiagnosed. Our findings suggest that efforts are needed to ensure that HIV-infected patients in care not only adhere to treatment for their own benefit, but that they be screened and treated for STDs and modify their behavior to decrease their risk of transmitting HIV to others. Sexually active HIV-infected patients should also be offered culturally appropriate risk reduction interventions that address the underlying factors potentiating sexual risk-taking behaviors, including substance use. Further research is needed to develop new clinic-based prevention interventions that can be readily integrated into comprehensive HIV care, that build on existing evidence-based prevention interventions 36, 37 , in order to limit further HIV transmission by patients in care. Table 2 Prevalence and Incidence of Sexually Transmitted Diseases (STDs) in the SUN Study 
